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A high speed planar photodiode having a bandwidth in 
excess of 50 GHz Is fabricated on gallium arsenide and 
includes a Schottky diode having an optically transparent 
metal barrier (11) or a heteroj unction diode having an opti- 
cally transparent heterojunction region. The diode is sur- 
rounded by a nonconducting region (21) to minimise fringing 
fields and beam leads may be provided to minimise lead 
inductance. A high speed MESFET phototransistor using the 
planar photodiode is also disclosed. 
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HIGH SPEED PHOTODIODES 

This invention is concerned with photodiodes. 
Photodiodes are useful for converting light into 
an electrical signal in, for example, a fiber optic 
coramuni cations system or a time domain ref lectometer. 

5 Speed requirements in the past have typically been low 

enough that the frequency response of prior art vertical 
mesa structure photodiodes has been adequate. But, the 
parasitic capacitance and inductance inherent in a 
vertical mesa structure photodiode, which has an anode 

10 on one side of a chip and a cathode on the other side, 

* ■ 

render such prior art devices too slow for systems 
requiring gigahertz range speeds. 

The present invention provides a planar photodiode 
comprising: a substrate; a conductive layer overlaying 

15 the substrate and characterized by an active layer over- 
laying a diode portion of the conductive layer; a 
substantially photbtransparent barrier region overlaying 
the active layer; and an ohmic contact upon the 
conductive layer and substantially coplanar with the 

20 active layer. 

The barrier region may comprise a Schottky 
barrier, e.g., composed of platinum. Alternatively the 
barrier region may comprise a hetero junction layer, 
e.g., of gallium aluminium arsenide. 
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In a phdtodiode as set forth in either one of the 
last two preceding paragraphs, it is preferred that an 
etched region is laterally interposed between the ohiaic 
contact and the diode region. 

In a photodiode as set forth in anv one of the 
last three preceding paragraphs, it is preferred that 
beam leads are connected to the barrier region and to 
the ohmic contact. 

The present invention further provides a planar 
phototransistor comprising; a substrate; a conductive 
layer overlaying the substrate; a planar field effect 
transistor having gate, source, and drain regions 
located upon the conductive layer; an active layer 
overlaying a diode portion of the conductive layer; a 
substantially phototransparent barrier region, over- 
laying the active layer; and, an ohmic contact upon 
the conductive layer and substantially coplanar with 
the active layer. 

The gate may comprise the barrier region. 
The barrier region may comprise a Schottky 
barrier, e.g., composed of platinum. 

Alternatively the barrier region may comprise a 
heterojunction layer, e.g., of gallium aluminium arsenide 

In a phototransistor as set forth in any one of the 
last three immediately preceding paragraphs, it is 
preferred that an etched region is laterally interoosed 
between the ohmic contact and the diode region. 

in accordance with the preferred embodiment of the 
present invention, a high speed Schottky barrier 
Photodiode is constructed which has a bandwidth in excess 
of SO GHz . The photodiode is fabricated in a planar 
structure wherein both the anode and the cathode contacts 
are on the same surface and much of the parasitic 
capacitance inherent in a mesa structure is thereby 
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eliminated. An active region is located on a semi- 
insulating substrate and an optically transparent 
Schottky barrier or hetero junction overlays the active 
region. The Schottky diode is mesa etched down to the 
conductive layer to increase bandwidth by decreasing 
fringing fields. Beam leads may be provided to the 
anode and cathode connections to decrease series 
inductance. An integrated gallium arsenide MESFET 
device is also disclosed which utilizes the high speed 
Schottky barrier photodiode as part of a high speed 
single chip phototransistor without the necessity of 
using bond wires between the MESFET and the photodiode. 

There now follows a detailed description which is 
to be read with reference to the accompanying drawings of 
a photodiode and a phototransistor according to the 
present invention; it is to be clearly understood that 
the photodiode and the phototransistor have been selected 
for description to illustrate the invention by way of 
example and not by way of limitation. 

In the accompanying drawings 

Figure 1 is a view of a photodiode which is 
constructed according to the preferred embodiment of the 
present invention; 

Figures 2 to 2E depict , in cross-section, the 
process steps performed in the fabrication of the 
photodiode shown in Figure 1; 

Figure 3 depicts another embodiment of the present 
invention in which beam leads are provided on the 
photodiode shown in Figure 1, 

Figure 4 is a view; of a high speed integrated MESFET 

phototransistor which utilizes the photodiode shown in 
Figure 1; and 

Figure 5 is a schematic diagram of the phototransistor 
shown in Figure 4. 
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in , 3 Photodiode 1 which is constructed 

in accordance with the preferred embodiment of the 
present invention. The photodiode 1 Bay be better 
ZZZTl addlti0nal ^ Pigures 2 A to 

fabri Z P1Ct PTOCeSS StepS « during the 

fabrication of the photodiode 1. Fi3uxes 2A to J „* 

LTltr , CC ™ Prl8es = 3 to 5 nil thic* layer of senl . 
insulating Ga*s substrate having outside dimensions of 12 
Zr.T^ DeP ° Sited hereupon is a o. 4 micron thicr 
conducive layer 5 comprising n + GaAs having a doping 
ooncentration of at least 5*10^3. Overlaying tne 
conductive layer 5 is a o. 4 micron thick active Lyer 9 
comprising n G|As having a doping concentration of no 
more than Sxlo^/cm 3 . 

which 1 ?,, 1 * 5 "" 5 ^ 3 Pr ° t °' 1 bort »nrdment step is shorn in 
whxch the areas of the substrata 3 and the layers S and 

LsSt P of te f ed ^ 3 "°" • u » pr ° to » The 

result of the proton bombardment is that the region 21 is 

rendered non-conductive and the only remaining Live 

region is under the gold mash, m Pigure 2B, the cold 

"ash xs removed, the active layer 9 is etched as " 



required and an ohmic contact 7 is deposited on the 



conductive layer 5. Xn Pigure 2C, a phototransparent 
barrier 11 rs deposited on the active layer 9. The 
iTllZSl T C °^ ls -- e-S-. 1O0 angstroms of platinum 

tL barrier tT " ^ Mt ™~ly. 

COmBI1SS " het —innction layer such J 
4000 angstroms of gallium aluminium arsenide which is 
substantially transparent to a typical semiconductor laser 

a^^- " " 5 ~ ~» *« «- concentration of 
aluminium is approximately 30%. 

used T F±9Ure 2D ' chemical etching ion -in^g is 

used to remove the active layer 9 except as shown in 
Figure 1. Thus , the only remaining port . Qn Qf ^ 
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active layer 9 underlie the barrier 11. In Figure 
2E / a dielectric 13 is deposited over a portion of the 
barrier 11 to provide scratch protection and to minimise 
light reflection. The junction of the active layer 9 and 
the barrier 11 underlying the dielectric 13 comprises 
a 5 micron by 5 micron diode 21 that is to be activated by 
photons penetrating the dielectric 13. It should be noted 
that a 2 micron wide mesa etched region 23 is provided 
around diode 2 7 to increase bandwidth by decreasing 
fringing fields. It should be noted that although the 
dielectric 13 is shown to overlie only the diode 2 7, due 
to processing limitations the dielectric 13 actually fills 
the mesa etched region 23 and also overlies a portion of the 
ohmic contact 7. 

In Figure 3, a photodiode 41 is shown which is 
fabricated as discussed above with reference to Figures 1 
and 2 and which is further provided with beam leads 37 and 
39 in order to minimise lead inductance. In order to 
fabricate the photodiode 41 , a photodiode 1 shown in 
Figures 1 and 2 is fabricated. A metal layer 31 is 
deposited on the barrier 11 in order to decrease series 
resistance and gold pads 33 and 35 are deposited on the 
metal layer 31 and the ohmic contact 7. The dielectric 13 
and gold pads 33 and 35 are masked and the remainder of the 
photodiode 41 is coated with a polyimide. The beam leads 37 
and 39 are deposited and the photodiode 41 is etched to 
a desired size and configuration. The beam lead 37 
functions as an anode connection to the photodiode 41 and 
the beam lead 39 functions as a dathode connection. 

In Figure 5, a MESFET phototransistor 61 is 
integrated upon a common GaAs substrate from a photodiode 
1 and a MESFET 53. The MESFET 53 includes a drain 55/ a 
gate 57, and a source 59 and may be fabricated utilising 
well known techniques such as those described in Liechti, 
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Microwave Field-Effect Transistors-1976, Transactions On 
Microwave Theory And Techniques. . Vol. MTT-24, No 6 

June 1976, at page 279, et sen t4- < b • , * • ' 

* ^ 9 " 1S lm P°rtant to note 

that due to the low doping concentrations used in 
fabrication, the photodiode 1 may be operated at low 
b*as levels, such as 1 volt which are compatible with 
transistor operations. Various matching networks may be 
utilised between the photodiode 1 and the MESFET 53 as 
required. In Figure 6 , a circuit for operating the 
phototransistor 61 is shown. 
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CIAIMS 

1. A planar photodiode comprising; 
a substrate (3); 

a conductive layer (5) overlaying the substrate; 
5 and characterized by an active layer (9) overlaying a 
diode portion of the conductive layer; 

a substantially phototranspareht barrier region 
(11) overlaying the active layer; and, 

an ohmic contact (7) upon the conductive layer 
lO and substantially coplanar with the active layer (9). 

2. A planar photodiode according to claim 1, 
characterized in that the barrier region (11) comprises a 
Schottky barrier. 

3. A planar photodiode according to claim 2, 

15 characterized in that the Schottky barrier is composed of 
platinum. 

4. A planar photodiode according to claim 1, 
characterized in that the barrier region comprises a 

hetero junction layer. 
20 5. A planar photodiode as in claim 4, characterized 

in that the hetero junction layer is composed of gallium 
aluminium arsenide. 

6. A planar photodiode according to any one of the 
preceding claims characterized in that an etched region 

25 is laterally interposed between the ohmic contact and the 
diode region. 

7. A planar photodiode according to any one of the 
preceding claims, characterized in that beam leads are 
connected to the barrier region and to the ohmic contact- 

30 8. A planar phototransistor comprising: 

a substrate (3) ; 

a conductive layer (5) overlaying the substrate; 
a planar field effect transistor having gate. 
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source, ana axain regions located upon the 
conductive layer; 



an active layer (9) overlaying a diode portion 
of the conductive layer; 

a substantially phototransparent barrier region 
(11) , overlaying the active layer; and, 

an ohmic contact (7) upon the conductive layer 
and substantially coplanar with the active layer. 

9. A planar phototransistor according to claim 8 
characterized in that the gate comprises the barrier region, 

10. A planar phototransistor according to either one 
of claims 8 and 9, characterized in that the barrier region 
comprises a Schottky barrier. 

11. A planar phototransistor according to claim lO 
characterized in that the Schottky barrier is composed of 
platinum. 

12. A planar phototransistor according to either one 
of claims 8 and 9 characterized in that the barrier region 
comprises a hetero junction layer. 

13. A planar phototransistor according to claim 12 
characterized in that the hetero junction layer is composed 
of gallium aluminium arsenide. 

14. A planar phototransistor according to any one of 
claims 8 to 13, characterized in that an etched region is 
laterally interposed between the ohmic contact and the 

r\i r^rTci 
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The present European patent application comprised at the time of filing more than ten claims. 
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| | Part of the da ms fees have been paid within the prescribed time Omit The present European search 

report has been drawn up for the first ten claims and for those claims for which claims fees have been paid, 

namely claims: 

No claims fees have been paid within the prescribed time limit The present European search report has been 
drawn up for the first ten claims. 
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1) Claims 1-7: Photodiode 

2) Claims 8-14: Phototransistor IC 
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respect of which search fees have been paid, 

namely claims: ^ - _ . 
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